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ABSTRACT

Cloud computing is one of the important inventions that have occurred in our life for
providing solutions in the field of information technology (IT) through the Internet. Also
it enables users to access applications and their own resources using a web browser, which
reduces the cost of software, hardware and the maintenance costs. However provide
datacenters with thousands of servers that costs a large of money, therefore some

companies moved to cloud computing.

Identifying the parameters that influence the software and hardware costs, and the
calculation of the traditional computing costs, as compared to that of the cloud
computing are not simple problems. As such, this study comes as an attempt to identify
the main parameters that may affect the costs of both the traditional and cloud
computing paradigms, it proposes a cost break-even model to decide when to use the
cloud or traditional.

For the purpose of this study, we carried out simulation of certain experiments, to
identify the influence degree of a number of parameters on the total cost of each of the

traditional computing and cloud computing. This was made through forming many
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equations for each of the two paradigms; these equations can be used in any simulation
model and support decision makers to analyze the cost for both paradigms.

Experiments and simulation were carried out to obtain the break-even point in
different cases. Through study and analysis, it was found in all cases that the cost of the
software and hardware in the cloud computing is less than that of the traditional
computing; and that the break-even point is obtained in case of software as a service
only provided when the number of the users is small. As well as, the study attempted to
identify the parameters that affect the cost of both the traditional and cloud computing

paradigms.
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CHAPTER ONE

INTRODUCTION
1.1. Overview

This chapter provides preface about cloud computing, and identifies the problem

statement of this research, author's contribution, and the outline of thesis chapters.

1.2. Preface

Nowadays, one of the most promising sectors in the future of computing is the
cloud model; this model provides information technology solutions as a service over the
internet. According to the National Institute of Science and Technology (NIST), Cloud
computing is "a model for enabling ubiquitous, convenient, on-demand network access
to a shared pool of configurable computing resources (e.g. networks, servers, storage,
applications, and services) that can be rapidly provisioned and released with minimal
management effort or service provider interaction"(Mell, P. and Grance,T., 2011).

Cloud computing is available as subscription services (pay as you go) to
consumers, these services such as Software as a Service (SaaS), Platform as a Service
(PaaS) and Infrastructure as a Service (IaaS). (Buyya R. et al. 2010)

Today people are moving from traditional computing to cloud computing
because it gives a higher level of dependability, fault tolerance, access to extensive
network, and use on demand. The main factor for moving to cloud is the cost.
Nowadays, many companies start working in the range of cloud computing, that

provides cloud computing services to customer, such as Google, IBM, and Microsoft,



Rackspace. In USA, university of California, Washington state universities are
examples of institutions that have adopted cloud service. (Sultan N. 2010).

One of the clouds computing issues of interest is its cost model, also known as
pay-as you-go. In this model, IT resources are offered in an unlimited way and one pays
an amount according to the actual resources used for a certain period (Barbosa F. and
Charao A. 2012).

In terms of cost, there are many methods to compute cost such as total cost of
ownership (TCO), which is a financial estimate that aims to help customers and
enterprise managers in determining direct and indirect costs of a product, the purpose
of TCO is to compute the financial effects of deploying an information technology
product over its life cycle. These technologies include software and hardware (Kornevs
M. et al 2012).

Kristekova has defined the simulation model to compute cost in cloud computing
and in-house datacenter based on system dynamic methods, as that system is used to
understand the behaviour of complex system with numerical values (kristekova Z. et al.
2012).walker has presented the idea of computation the cost of CPU hour in case of
leasing and purchasing in cloud computing by using Net Present Value (NPV), which is
a financial estimate to calculate the profit over its expected life time including all direct
and indirect cost. (Walker E 2009).

It is important to know the total cost of cloud and traditional paradigm and the
parameters that affect the cost and computation of break- even point in three layers such
as software as a service, platform as a service and infrastructure as a service.

The break-even point is directly related to the fixed costs, reducing these costs
assists the business to get a lower break-even point in order to achieve profitability

(Aswal P. et al. 2013).



We should not focus only on the cost break-even model but we also have to get a
clear image of the parameters that affect costs in both cloud and traditional paradigms.
To understand the potential role of cloud computing to cost analysis, cost analysis is
required.

Several studies were conducted to ensure savings in cost, where in this research we
used different sources to gather information and get results in order to build cost
estimation model for cloud and traditional paradigms.

We considered several cost parameters that has a significant affect on the cost for
traditional and cloud paradigms, and we used several formulas to our findings between
both paradigms. Depending on these results, we could formulate a relation between
cloud and traditional and then the break-even model between them can be obtained.

The purpose of this thesis is to build a cost break-even for cloud computing and
traditional, to find the parameters that have effects on cost in cloud and traditional
paradigms, and to suggest a simulation model that covers the cost, which therefore will

support decision makers to analyze cost for both paradigms.

1.3. Research Problem

People today are shifting from traditional computing toward cloud computing where
cloud is one of the good solutions. The main problem of this research is to propose a
cost break-even model to compute cost that will be defined when shifting from
traditional paradigm to cloud paradigm. This model should define the main parameters
such as payment method, Time periods, number of users, network, Hardware, Software,
etc, in addition to the effect of these parameters on the cost model. Goal of the research

will be accomplished by answering the following questions:



1. What are the main parameters that affect the cost for cloud and traditional
paradigms?

2. How to build break-even model to move from traditional to cloud?

3. How can we build the cost formulae for both cloud and traditional paradigms?

4. How can we generalize the findings of this study?

1.4. Research Objectives

The objective of this research is to identify the main parameters that affect the
total cost for traditional and cloud paradigms, and to find a break-even model that can
help decision makers in identifying the cost in moving from traditional to cloud
paradigm. The second objective is to build formulas for cloud and traditional computing

which could be utilized in any cost simulation model for cloud and traditional.

1.5. Research Motivation

Today people are moving from traditional computing to cloud computing
because it decreases the cost of hardware and software. Most businesses try to minimize
its expenses and expand its profits, therefore, the decision to study the cost for cloud
and traditional paradigms are very important. There are many studies about cost in
cloud computing and traditional computing, but most of these studies do not determine
the main parameters that affect the cost of the two paradigms. Therefore, the one of the
most important motivations that led us to study this research is to identify the
parameters that affect the cost for cloud and traditional paradigms which help the

businesses to decide when to move for cloud computing.



1.6. Research Methodology

Based on the problem statement which was mentioned earlier, the main aim of this
research is to find the proper model to estimate the cost in the cloud and traditional
paradigm. In this model, we can know when to move from traditional to cloud
paradigm. To achieve the goal of this thesis, the following methodology has been

followed (figure 1.1):

Collecting information
about cost for cloud &
traditional paradigms

Extracting cost

parameters & defining Break-even model

these parameters

Build formulas for Compute the cost in Compare the
both paradigms in both models results
three layers

SAAS, PAAS, IAAS

Figure 1.1: Research Methodology

The first step is collecting information about cost for cloud computing and
traditional paradigms and defining cost parameters, and this means defining the
parameters that affect the total cost such as (payment model, number of user, time,

hardware, software, and network) in both paradigms based on previous research. After



that we collect the data on these parameters and build many formulae in three layers
SAAS, PAAS and TAAS and compute the cost of both traditional and cloud. This
information that comes from many companies such as (Microsoft dynamics CRM, Sage
CRM, Microsoft Windows server, Windows Azure, Google app engine, HP, Rackspace)
is based on the previous research. Then, computing the cost in both models and building
a cost break-even model until reaching the better investment in cloud computing or
traditional paradigm. Finally, generalizing the results to other domains in cloud

computing.

1.7. Outline of Thesis

The outline of this thesis corresponds to the structure of the work, as undertaken

throughout the study. This thesis includes five chapters, presented below:

Chapter 2 provides the summary of the literature review and related works that are
related to problem statement. It displays the subjects that are related with cost and
parameters effecting on cost in cloud and traditional. In addition, this chapter also

highlights the main literature review.

Chapter 3 provides the main parameters for both cloud and traditional and suggests
many formulas that will be used in experiments design. Furthermore, it includes the
procedure that was followed to compute cost in cloud computing and traditional

computing.

Chapter 4 presents the method and the main outcome of the cases, these cases were
carried out based on the effect of the parameters for computing cost for cloud and
traditional, in order to determine the results for experiments details in chapter three.

Then the discussions for this thesis are presented.



Chapter 5 presents the conclusion and provides directions for future work in order to

improve the final work.



CHAPTER TWO

BACKGROUND AND LITERATURE REVIEW

2.1 Introduction

This chapter provides a background and literature review on the main concepts
covered by this research, It is divided into three sections. Section 2.2 discusses the
necessary background information that is needed to better understand topics related with
cloud computing. Section 2.3 presents a range of tools that are used to measuring the
cost in cloud paradigm and traditional paradigm. Section 2.4 discusses the related

studies in the field of cost cloud computing. Finally, section 2.5 presents a summary.

2.2. Background

2.2.1 Cloud Computing

Cloud computing is a re-discovered technology which gained popularity, and
expanding rapidly in service deployment environments. The idea was invented by John
McCarthy in 1961, including sharing hardware, software and information through the

Internet.

The cloud computing is a set of datacenter from hardware and software, which is
responsible for providing services to the clients. The cloud service provider offers
hardware, software, infrastructure, and application to its clients on demand basis.

(Sharma M. et al. 2014).



The fundamental goal of cloud computing is to reduce cost; the users of cloud
computing can use applications without setup of special software and access their

specific information from any machine over the Internet.

The most important factors for adopting cloud computing s that you do not need any
investment in software, hardware nor any software maintenance, it reduces the work as
administrator, It is user friendly, the user pays for what actually used. And there is not a

HW lifetime period limit (Némecek J.& Vankova L. 2011 ).

2.2.2 Types of Cloud

Cloud computing is categorized into three types:-

1- Public cloud: in this type, resources dynamically provide services to public

people through the Internet. These resources are owned by a cloud service provider

(Abuakibash M. and Elleithy K. 2012).

2- Private cloud: in this type, resources are provided and operated only for a single

organization.

3- Hybrid cloud: is a collection of public and private cloud that offers the benefits

to multiple users and clients (Sharma M. et al. 2014).

2.2.3 Types of cloud providers

It contains various components, features, abilities and measurements coverage
numerous regions, including Infrastructure as a Service (IAAS), Platform as a Service

(PAAS) and software as a service (SAAS):
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1-Infrastructure as a Service (IAAS): is a strategy in which enterprises rent

equipment, for example, servers and network tools instead of buying from service
providers through the internet. Examples of IAAS providers include windows azure,

HP, Rackspace, etc. (Malhotra R. and Jain P 2013).

2-Platform as a Service (PAAS): Platform as a Service is a method whereby

customers can lease resources such as determining the equipment type of operating
systems to develop and run applications through the Internet. Examples of PAAS
providers include Google app engine, windows azure, force.com, etc. (Duipmans E. and
Pires L 2012).

3-Software as a Service (SAAS): allows users to use the cloud computing
providers’ applications through the web browser. In this model, software applications
are installed in the cloud and the end user accesses the software from cloud clients. The

end users charged a flat fee monthly or yearly. Examples of SAAS providers include

Google apps and CRM and etc. (Samimi P. and Patel A. 2011).
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2.2.4 Advantages of cloud Computing

1-Cloud computing works with higher efficiencies and it includes more use;

therefore, the cost is less.

2- Depending on the type of service provided, you may find that you do not need a

hardware or software licenses to implement the service.

3- Quality of service: The Quality of Service is something that you can obtain under

contract from your vendor.

4- Reliability: The size of the cloud computing networks and their ability to provide

load balancing and failover makes it highly reliable.

5-The use of cloud computing permits another person to deal with your computing in

order to reduce the cost of IT staff (Sosinsky B., 2010).

2.2.5 Disadvantage of Cloud Computing

Cloud computing requires a Constant Internet Connection. Because if you do not
have an Internet connection, you cannot access anything even your own documents.
This might be a more significant disadvantage than you might think. Also it does not
work well with Low-Speed Connections. A low-speed Internet connection like Dial up
types, web based apps often require a lot of bandwidth to download for large
documents. Stored data might not be secured: With cloud computing, all your data is

stored on the cloud (Miller M. 2008).
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2.2.6The Relationship between User and Provider for Cloud

Computing

The traditional method of purchasing software requires the consumer to locally
install an application on their computer and use licenses to authorize the usage (Foster I
et al. 2008). With SaaS, the consumers pay for the software on a subscription level and
do not need to install any software on their computers. An example of this is Google
Docs, a word processing application offered online. The user can access the application
through a Web browser, create documents and use all the features of the application.
What differentiate SAAS from PAAS and IAAS is that the user will not alter the
application itself, nor the hardware that the application runs on, or the network
configuration (Goyal S. 2014). Figure 2.1 shows the relationships between providers

and customers.

- — oGP

Cloud providers Web applications End Uisers

Figure 2.1 Relationship between providers and users



13

2.2.7 Reasons of Adopting Cloud Computing

The most important reason behind moving to cloud computing paradigm is cost
savings which is the first among other factors, this is achieved through increasing gain
by lowering operational and capital costs and increasing productivity through better

scalability and flexibility cloud offers. As shown in figure 2.2 below (kwofie B. 2013).

Reasons for cloud Adoption by SMEs
60% 543
50%
40%
0% =245
20% 1 I7% 10% 10%
10% +— 2% 0% [ Reasons for cloud
0% T T T T T T 1 Adoption by SMEs
:\\{:" ,ts? \gc;' DQ‘ E.-H "\{\ {{é‘
20 Ny u) (@ o & v
& & & X & F
2 o b 4 & B
‘&\oﬂ s & *a‘\\'f"- “ (‘{S\' ‘P"’i'z'
%Q‘.- \?" d""\ &Q
& 4 k.
,U} ({Dl.'..-

Figure 2.2: Reasons for cloud adoption by SMEs by Kwofie B. 2013.

2.2.8 Cost associated with Cloud Computing

Cloud computing involves hosting applications on servers and delivering software
and services through the internet, and pays for services based on usage. By adapting
cloud services, it is not required by the organization to purchase IT infrastructure,
because all IT infrastructure, software, will be hosted in the cloud provider servers. This
approach will reduce the cost associated with hardware purchase, software licensing,
electric power, cooling and salaries for IT support staff ( Mtebe, J. S., & Raisamo, R.

2014).
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2.2.9 Compute Cost for Cloud Computing

The costs associated with the cloud model are calculated almost differently. Each
resource has its own specific cost and many resources can be provisioned independently

from one another, therefore, the cost cloud is better represented by the equation:

Cost cloud = X (UnitCostcloud x (Revenue — Costcloud)).......... ()

Cloud providers offer packages of machine instances with a fixed relationship between
a machine instance, memory allocation (RAM), and network bandwidth. Storage and

transactions are unbundled and variable. (Sosinsky B. 2010).

2.2. 10 Parameters that affect on Pricing in Cloud Computing

1. The amount of money that the service provider spends annually to buy resources.

2. The period in which the customer will lease resources from the service provider.

Service providers usually offer lower unit prices for longer subscription periods.

3. The set of technologies and techniques offered by the service provider to enhance the

user experience in the cloud.

4. The age of the resources employed by the service provider, the older the resources,

the lower the price charged.

5. The amount of money that the service provider spends on maintaining and securing

the cloud annually (Al-Roomi M etal. 2013).
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Payment Methods (fixed price)

1- Pay as you go: Customers pay for just the use and for just the required time for

specific service. (Carlin S. & Curran K. 2011).

2- Subscription Customer pays a flat fee in order to access the use of a product or to a

profit from a service.

3- Fixed pricing List price/ menu price /a fixed price that is often found in a list or

catalog. (jaatmaa J. 2010)

There are many payment methods in cloud computing, we took two payment
methods such as pay as you go and subscription but these are two methods which give
us the same price, if they are measured for month or in an hour by multiplying by

number of hours or number of months or number of years.

2.3 Type of Tools to Compute the Cost

There are several tools that support companies to analyse and compute cost such

as:

2.3.1 System Dynamics
System dynamics modelling is used to understand the structure and behaviour of
complex systems, with numerical values. Jay Forrester (1961) is the inventor of
system dynamics. The methods used feedback, and process used in computer is
based on technologies to design a model. This methods is used simplicity in
networking of variables, this model can grow in complexity and size, and the
result appears completely it does not show the key structure for the model briefly,

this model is user-friendly graphic interfaces and modelling is always easy done



16

by click on mouse, the result of this model is complex, and the feedback loops

may not correspond to the great model behaviour in the real world life (Kelly R et

al. 2013).
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Figure 2.3 system dynamics interface
How to use system dynamics

This application describes the system behaviour as a number of interacting
feedback loops, and represented in terms of stocks such as material, knowledge, people,
money, flows between these stocks, and also represented by information that determines
the values of the flows.

This application uses variables and parameters. A variable represents a model
state, and may change during simulation. A parameter is commonly used to describe
objects statically. A parameter is normally a constant in a single simulation, and is

changed only when one need to adjust the model behaviour (Kelly R et al. 2013).
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2.3.2. Total Cost of Ownership (TCO)

Is a widely method used to compute the real cost (capital and operational cost)
and to assist the customers and mangers to determine the direct and indirect costs of a
product, this method is used in both cloud and traditional paradigm. For software and
hardware industries, TCO tries to compute cost of product over its life cycle (Kornevs,

M. et al 2012). Cost can be calculated according to the following formulae:

TCO(T) = initial cost + X._,( Direct costs + Indired costs)....... (2)

2.3.3 Net Present Value (NPV)

Is a popular method in cost analysis, used to compute the profitability of
investment over expecting lifetime of product considering all the cash inflows and
outflows. Many researchers used this method such as Walker and Byung (2011). In this

method the cost is computed as shown in the following formulae:

- ce
NPV = zg’zgclﬂ_}z ................ 3)

Where r: is the discount rate, Ct the cost at time t. (Walker E 2011).

2.3.4 Cloudsim and Cloud Reports

Cloudsim is a famous tool, that support for modeling and simulation of large cloud
computing environments, including datacenters on single computing node (kumar R.

and Sahoo G. 2014)
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This tool shows how to create data center with number of hosts, in each host there is
numbers of virtual machine, cloudsim defines the cost of processing, cost of using

memory and bandwidth for each virtual machine (Calheiros R. et al. 2010).

The cost of processing and memory and bandwidth are used in this tool as input only,

and do not give the total cost of these resources. Therefore we do not use this tool.

There are another tool for cloud computing, which is cloud reports tool, this tool opens
source and user friendly interface (GUI), and it is easy for users to display a reports of
graphics,The application simulates an infrastructure as a service provider with an
number of data centers entirely customizable, user can easily set the amount of
computational nodes and their resource configuration includes processing capacity

amount of RAM of available bandwidth power consumption.
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Figure 2.4 Cloud Reports Interface

Figure 2.4 shows the interface of cloud reports and how datacentre works with

number of hosts and virtual machine.

Datacenter Characteristics represent static properties of a resource such as

resource architecture, Operating System (OS), management policy (time- or space-
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shared), cost and time zone at which the resource is located along resource

configuration. (Vadicharla R et al. 2013).

2.3.5 Amazon Simple Monthly Calculator

Pricing models for elastic compute cloud (EC2) as follows:

* On-Demand Instance: this offers for hour with short period of commitment.

» Reserved Instances: this offers built on a purchase of a contract for each instance

lower hourly usage charge after you have paid for the reservation.

* Spot Instance: This is a method for bidding on unused EC2 capacity based on the
current spot

Figure 2.5 shows the AWS Simple Monthly Calculator and you can find this calculator

1(1)

on this website that helps to estimate the charges value.
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' http://calculator.s3.amazonaws.com/calc5 html
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2.4 PREVIOUS STUDIES

Buyya defined cloud computing and provided the architecture for creating
Clouds with market-oriented resource allocation by leveraging technologies such as
Virtual Machines (VMs).Also, provided visions on market-based resource management
plans that include both customer-driven service management and computational threat
management to sustain Service Level Agreement (SLA)-oriented resource allocation.
The cloud computing supports negotiation of QoS between users and providers in order
to establish SLAs for providers who can meet QoS expectations, and payment

management and accounting infrastructure for trading services(Buyya R. et al. 2008).

Kristekova planed and created a simulation model that shows the dynamic
viewpoints and helps leaders to analyse expenses and profits of cloud computing versus
its own datacentre,by using system dynamic. The general outcomes show that the
experts discovered that the simulation model is useful, instinctive, and complete. All
interviewees like the particular division of user interface, want the separation between
cloud computing and its own datacenter, since this permits them to utilize the model just
for particular space. We used the formulae of this study in system dynamic simulation
and reached to same results by using these formulae in excel sheet (kristekova Z. et al.

2012).

Han presented cloud computing providers such as Amazon Web Services,
Microsoft Azure, and Google App Engine, along with case studies of implementing web
applications on IAAS and PAAS using AWS, and discussed costs and technology

analysis by comparing cloud computing with local managed storage and servers through
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five years of life cycle of products. The total cost of ownership of an AWS is used, Han
also claimed that the cloud computing providers have huge advantages in offering high
availability to minimize hardware failure, natural disasters, network failure, and human
error, while the locally managed server and storage approach have to be spent a lot to
reduce these risks. We followed this study by taking the life time of hardware (Han Y.

2011).

Barbosa presented cloud computing that concerns to the pay-as-you-go pricing
model. Where one pays according to the amount of resources consumed. Some cloud
platforms already over the pay-as-you- go model .we address the effect of this new
approach in software by evaluating and software improvement. Our theory is that
hardware consumption may affect specifically on the software vendor profit and
therefore it could be important to adjust some software development practices. Also,
what was discussed 1is the need to review well-established models such as COCOMO
IT and a few angles identified with requirements engineering and benchmarking tools.

(Barbosa F. 2012).

Tak B. et al recognized an initial set of key factors influencing the cost of a
deployment choice. Using Net Present Value (NPV) representing to two separate
applications through ten years of life of software, it was also examined the development
of expenses for typical organization decisions indirectly to that applications
characteristics, such as, workload force, development rate, storing limit and software
licensing costs produce complex that joined together to have impact on general

expenses, we followed this study by taking the life time of software (Tak B. et al. 2011).
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Buyya proposed Cloudsim: an extensible simulation toolkit that enables
modeling and simulation of Cloud computing environments. The cloudsim toolkit
supports modeling and creates one or more virtual machines (VMs) on a simulated node
of a Data Center, jobs, and their mapping to suitable VMs. It also allows simulation of
multiple Data Centers to enable a study on federation and associated policies for
migration of VMs for reliability and automatic scaling of applications. We can use some
parameters of this study as inputs in the cloudsim tools but not all other parameters

(Buyya R. 2009).

Korn